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OAbstract: 

IOBLEM TO BE SOLVED: To enable lowering of the sintering temperature without changing characteristics of 
zoelectric porcelain material, by calcining a main component containing Pb, Zr, Ti and O and then, adding a 
scific amount of subsidiary component containing Mo thereto, and pulverizing and baking the mixture. 
HJJTION: Main components comprising Pb304, Zr02, Ti02, Sb203, Sn02 and Cr03 as starting materials are 
Djected to wet mixing and dehydrated and dried and calcined at 800-900°C for 2hr. Then, Mo in an amount of 
i06-5wt.% expressed in terms of Mo03 is added as a subsidiary component thereto. A binder such as polyvinyl 
ohol-based binder is added to the mixture and these components are subjected to wet mixing and then, 
Djected to wet pulverizing to provide fine powder having about 0.6-0.8|j,m average particle diameter. The fine 
wder is granulated and subjected to press molding and the resultant molding product is baked at 900-1 300°C. 
e piezoelectric porcelain composition can advantageously be used as a material constituting piezoelectric 
rcelain layer in a piezoelectric laminate necessary to bake together with an electrode material. 
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OTICES * 



>an Patent Office is not responsible for any 
tages caused by the use of this translation. 

his document has been translated by computer. So the translation may not reflect the original precisely. 
*** shows the word which can not be translated. 
1 the drawings, any words are not translated. 



AIMS 



aim 1] Containing the principal component containing Pb, Zr, Ti, and O, and the accessory constituent containing 

said accessory constituent is Mo to said principal component Mo03 Piezoelectric-ceramics constituent 
racterized by converting and containing 5.0 or less % of the weight 0.06% of the weight or more, 
aim 2] The addition of said accessory constituent to said principal component is Mo03. Piezoelectric-ceramics 
istituent according to claim 1 characterized by converting and being chosen to 2.0 or less % of the weight 0.1% of the 
ight or more. 

aim 3] The porcelain powder of only a principal component is first compounded by carrying out temporary 
inching of the principal component containing Pb, Zr, Ti, and O. Subsequently The accessory constituent containing 
is Mo to said principal component Mo03 So that it may convert and may contain 5.0 or less % of the weight 0.06% 
he weight or more The manufacture approach of piezoelectric ceramics which adds an accessory constituent to the 
celain powder of only said principal component, grinds the obtained mixture, considers as impalpable powder, and is 
racterized by having each process which calcinates said impalpable powder. 
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PAILED DESCRIPTION 



tailed Description of the Invention] 

M of the Invention] This invention relates to the manufacture approach of of the piezoelectric-ceramics constituent 
ptaBMtotfric ceramics which contain Pb, Zr, Ti, and O especially about the manufacture approach of a 
©electric-ceramics constituent and piezoelectric ceramics. 

Siotion of the Prior Art] As a piezoelectric-ceramics ingredient containing Pb, Zr Ti and O, it is PbZr03-PbTi03, 
™?e A two-component system ingredient and Pb(Sb0.5 Sn0.5) 03-PbZx03-Pb Tl O(s 3 such as a system 
;X 3 component system ingredients, such as a system ingredient, or the ingredient which added various minute 

^^^^^^SS "electric property and it excels in workability or mass production 
re S aVplSof range, such as a filter, an actuator, a piezoelectric transformer, and a piezo-electnc sensor, is 
ou's In rX years, inthese application equipments, many things using a piezo-electnc layered P^uct^e 
eloned A piezo-electric layered product needs to co-burn a piezoelectric-ceramics ingredient and an electtode 
Sin ortoto obtain such a piezo-electric layered product, since it has the laminated structure equipped with the 
•frode formed between two or more piezoelectric-ceramics layers and these piezoelectnc-ceramics layer. 
041 howe^ -- the case where expensive ingredients, such as Pt, must be used for the P/^oelectoc-ceramics 
edient Mentioned above, for example, or cheap electrode materials, such as for example, an AgPd electrode, usually 
ktSSSfcr t electrode material used for a piezo-electric layered product since the sintering temperature is 
lO^eiee-C order and an elevated temperature - PbO and Si02 etc. - sintering temperature must be reduced by 
ing sintering acid. 

?blem(s) to be Solved by the Invention] As mentioned above, the material cost of piez o-ele ctric ap Ration 
inS becomes high, and using an expensive electrode material does not have it. [ desirable ] PbO and Si02 etc. « 
e TpTezc eS • property falls when sintering acid is used, it is not desirable. [ on the other hand ] Moreover, when 
? J^^^Js presentation tends to be optimized or it is going to optimize the addition of the additive for 
iSL Tptzo^ectric property in order to control lowering of such a piezo-electnc property for example, the 
zodecnic cerSs ingredient only for piezo-electric layered products must be developed anew and there is a 
blem *at SfaSTmoS disadvantageous in respect of the period for fertilization, cost, etc. for this development. 

the object of this invention is offering the manufacture approach of of the piezo elecmc-ceramics ; 
^tuoTand piezoelectric ceramics to which only that sintering temperature's may be reduced, withou chan^ng 
st of that property, though the existing piezoelectric-ceramics ingredient, for example, the ingredient under mass 
duction etc., is used. 

ells for Solving the Problem] The piezoelectric-ceramics constituent concerning this invention contains the principal 
n^onen whichcontains Pb, Zr, Ti,and O in order to solve ^.technical technical V^^^^ ^ the 
•essorv constituent containing Mo, and this accessory constituent is Mo to a principal component Mo03 It is 

SctSz^ ^o, Tt 

^TheTdditior i ofan Accessory constituent [ more preferably as opposed to a principal component ] is Mo03. It 

vStTan to 2.0 or less % of the weight 0.1% of the weight or more. ^^^^^^ 
the piezoelectric ceramics concerning this invention is characterized by carrying out as follows. That is, the porcelain 
*de?Xnl> ^principal component is first compounded by carrying out temporary quenching of the principal 
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lponent containing Pb, Zr, Ti, and O. Subsequently, the accessory constituent containing Mo is Mo to this principal 
lponent Mo03 An accessory constituent is added to the porcelain powder of only an above-mentioned principal 
lponent so that it may convert and may contain 5.0 or less % of the weight 0.06% of the weight or more. This 
lined mixture is ground and it considers as impalpable powder. And this impalpable powder is calcinated. 

ample 1] First, they are Pb 304, Zr02, Ti02, Sb 203, Sn02, and Cr03 as a start raw material for a principal 
lponent. It prepared. Subsequently, weighing capacity of the above-mentioned raw material was carried out, and wet 
iding of each mixture was carried out for 4 to 32 hours, respectively so that the piezoelectric-ceramics constituent A 
ressed with the following empirical formulas and the piezoelectric-ceramics constituent B might be obtained as a 
icipal component, respectively. 

zoelectric-ceramics constituent A:Pb 1 .0O(Zr0.52Ti0.48) 3 ; 

joelectric-ceramics constituent B:Pbl.O It ranked second {(Sn0.5 Sb0.5) 0.05Zr0.45Ti0.50} 03 +0.2-% of the 
ght Cr2 03, and the porcelain powder of only a principal component which dehydrates each above-mentioned 
:ture, respectively, dries, and serves as the above-mentioned piezoelectric-ceramics constituents A arid B by carrying 
temporary quenching for 2 hours at the temperature of 800-900 degrees C was compounded, respectively. 
10] Subsequently, Mo03 as an accessory constituent To the porcelain powder used as the above-mentioned 
zoelectric-ceramics constituent A, as shown in the following table 1, as shown in the following table 2, to the 
celain powder used as the piezoelectric-ceramics constituent B, it added in 0.0 - 8.0% of the weight of the range, 
jectively. 
11] 
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12] 

table 21 
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)13] In addition, in a table 1, a table 2 and the table 3 mentioned later, a table 4, drawing! , or drawing 3 , the sample 
ich attached * mark is the example of a comparison of this invention out of range. Subsequently, it is Mo03 as an 
;essory constituent to the porcelain powder of a principal component as mentioned above. After adding, wet blending 
1 wet grinding were performed for the polyvinyl alcohol system binder for 2 - 5 % of the weight, in addition 8 to 32 
urs and impalpable powder with a mean particle diameter of 0.6-0.8 micrometers was obtained. 
)14] It is this impalpable powder After granulation and 1 - 1 .5 t/cm3 Press forming was carried out by the pressure 
i the disk Plastic solid with a diameter [ of 12mm ] and a thickness of 1 .2mm was acquired. This Plastic solid was 
cinated at the temperature of 900-1300 degrees C. About each sample after this baking, the bulk density of a sintered 
tnpact was first calculated from that volume and weight. The relation of this bulk density and burning temperature is 
jwn in drawing 1 and drawing 2 . It is Mo03 to the piezoelectric-ceramics constituent A as showed drawin g.! in a 
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e 1 more at the detail. The relation between the burning temperature at the time of calcinating the Plastic solid 
•icated with the various impalpable powder which changed the addition and was obtained, respectively, and bulk 
sity is shown. Moreover, drawing 2 is Mo03 to the piezoelectric-ceramics constituent B as shown in a table 2. The 
tion between the burning temperature at the time of calcinating the Plastic solid fabricated with the various 
•alpable powder which changed the addition and was obtained, respectively, and bulk density is shown. 
151 In drawing 1 and drawing 2 , it is admitted that the bulk density of each sample is saturated with lifting of 
nine temperature. In a detail, it is drawing .1 and drawing 2 to Mo03 more. According to 0.06 % of the weight or 
•e of 5 0 or less % of the weight of samples A-3 thru/or, A-8 and B-3 thru/or B-8 in an addition, it is Mo03. It turns 
that the burning temperature to which bulk density reaches a saturation value, i.e., sintering temperature, is falling 
100 degrees C - about 200 degrees C as compared with the additive-free (0.0 % of the weight of additions) sample A- 
nd B-l This is Mo03. The melting point is about 800 degrees C, and it is Mo03 before and after this temperature, 
•rder to form the liquid phase, it is thought that it is the effectiveness by promoting grain boundary diffusion. 
16] In addition, Mo03 When ** added and its addition are less than 0.06 % of the weight, as shown in a sample A-2 
B-2 the effectiveness of low-temperature-sintering-izing is dramatically small. On the other hand, Mo03 If an 
ition exceeds 5 0 % of the weight, as shown in a sample A-9 and B-9, although the burning temperature to which 
k density reaches a saturation value falls by about 100 degrees C, since a degree of sintering gets worse remarkably, 

1 ^Subsequently, about each sample calcinated with the burning temperature to which bulk density reached the 
iration value mostly among the disk Plastic solids calcinated with various burning temperature as mentioned above, 
a- forming a thick-film Ag electrode on both the principal plane, in 80-120-degree C insulating oil, 2.0-4.0W [/mm ] 
;ct-current electric field were impressed for 15 - 60 minutes, and polarization processing was performed. Then, in 
i-200-degree C air, for 30 - 60 minutes, it aged and the sample of the piezoelectric device made into the object was 
tuned 

1 81 The electromechanical coupling coefficient kp of specific-inductive-capacity epsilonr of these piezoelectric 
ices and a breadth oscillation of a disk and the mechanical quality factor Qmp of this oscillation were measured with 
impedance analyzer, respectively. The measurement result is shown in the following table 3 and table 4. Here, a 
le 3 shows the property about the piezoelectric device obtained with the impalpable powder shown in a table 1, and a 
[e 4 shows the property about the piezoelectric device obtained with the impalpable powder shown in a table 2. 
reover, burning temperature when the burning temperature carried out about each sample, i.e., bulk density which 
5 mentioned above, reaches a saturation value mostly is also shown in a table 3 and a table 4. 
19] 

table 3] 



A- 1 
A- 2 
A- 3 
A- 4 
A - 5 
A- 6 
_A- 7 
A-8 
A-9 



12 0 0 
115 0 
110 0 
10 0 0 
10 0 0 
10 5 0 
10 5 0 
110 0 
110 0 



e r 



15 0 2 
15 3 5 
15 2 2 
15 5 8 
15 12 
14 9 7 
14 6 3 
14 0 7 
12 5 6 



k p 



4 5 . 
4 5, 
4 6 ■ 
4 7. 
46 
4 5. O 
4 4. 3 
6 
1 



2 
3 



4 2 , 
3 2 , 



Qm p 



115 
10 9 
12 0 
10 2 
10 8 
118 
111 
9 3 
7 4 



>20] 

table 4] 
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?1] A table 3 and a table 4 to Mo03 It compares with the additive-free sample A-l and B-l, and is Mo03. 
wding to the sample A-3 whose addition is 5.0 or less % of the weight 0.06 % of the weight or more thru/or A-8 and 
thru/or B-8, although burning temperature is falling by 100-200 degrees C, it turns out that a so big change is not 
<ed at by the piezo-electric property. . 
221 Especially, it is Mo03. According to the sample A-4 whose addition is 2.0 or less % of the weight 0.1 % of the 
ght or more thru/or A-7 and B-4 thru/or B-7, although burning temperature is falling by no less than 150-200 
rees C change of a piezo-electric property is dramatically small. On the other hand, Mo03 At 0.06 % of the weight 
nore of samples A-3 it is [ samples ] less than 0.1 % of the weight and, and B-3, an addition is Mo03. Although the 
itive-free sample A-l and a property almost equivalent to B-l are acquired, lowering of burning temperature tends to 
ome comparatively small with about 100 degrees C. On the other hand, Mo03 Although an addition exceeds 2.0 % 
he weight and the sample A-8 which is 5.0 or less % of the weight, and B-8 are reducing burning temperature by 
ut 100 degrees C, about property change, it is Mo03. There is an inclination for an addition to become a little large 
Yo of the weight or more as compared with the sample A-4 which is 2.0 or less % of the weight thru/or A-7 and B-4 

23] In addition, Mo03 When ** added and its addition are less than 0.06% of the weight of the sample A-2, and B-2, 

effectiveness of low-temperature-sintering-izing is dramatically small as mentioned above. On the other hand, 

03 Although the burning temperature to which bulk density reaches a saturation value as mentioned above the 

iple A-9 in which an addition exceeds 5.0 % of the weight, and in the case of B-9 falls by about 100 degrees C, since 

sgree of sintering gets worse remarkably, as shown in a table 3 and a table 4 it is not not only desirable, but, it 

omes comparatively large and is not desirable [ burning temperature / change of a property ]. 

24] As mentioned above, Mo03 As an addition, 5.0 or less % of the weight 0.06 % of the weight or more is 

ictive, and especially 2.0 or less % of the weight 0. 1 % of the weight or more is more desirable. 

25] 

ample 2] next, Mo03 which is an accessory constituent there is what kind of difference about the effectiveness and 
piezo-electric'property of low-temperature-sintering-izing by the case (temporary-quenching adding after mixing) 
ere it adds after composition of the piezo electric crystal powder containing Pb, Zr, Ti, and O which are a principal 
nponent, and the case (front [ temporary quenching ] addition) where it adds before composition ~ that comparison 

^rAbouUhe sample of the impalpable powder of temporary-quenching adding after mixing, sample No. A-4 of the 
le 1 of an example 1 were followed. In order to manufacture the impalpable powder of the addition before temporary 
inching, on the other hand, Pb 304 and Zr02, Ti02 and Mo03 Weighing capacity is carried out so that it may 
:ome the piezoelectric-ceramics constituent of the presentation of a table 1 of sample No. A-4, and the same 
■sentation and wet blending of the mixture is carried out for 16 hours. Subsequently After dehydrating and drying, 
iporary quenching was carried out at the temperature of 900 degrees C for 2 hours, further, wet blending and wet 
tiding were performed for the polyvinyl alcohol system binder for 5 % of the weight, in addition 16 hours, and 
oalpable powder with a mean particle diameter of about 0.7 micrometers was obtained by it. 

>27] Thus, each process of shaping, baking, piezoelectric-device production, and piezo-electric characterization was 
Tied out by the same approach as an example 1 using the impalpable powder of the obtained temporary-quenching 
ling after mixing, and the impalpable powder of the addition before temporary quenching. The relation between the 
ming temperature about each **** of temporary-quenching adding after mixing and the addition before temporary 
;nching and bulk density is shown in drawing 3 . In addition, the relation between the burning temperature about the 
nple A-l of an example 1 and bulk density is also collectively shown in drawing 3 for the comparison. 
)28] Drawing 3 shows that the effectiveness of low-temperature-sintering-izing has a large direction in the case of 
(iporary-quenching adding after mixing compared with the case of the addition before temporary quenching. In 
iition, it is Mo03 even if it is the case of the addition before temporary quenching. If compared with the sample A-l 
the additive-free example 1, the effectiveness of low-temperature-sintering-izing is fully acquired. Moreover, in 
iwing 3 , although it turns out with lifting of burning temperature that bulk density is saturated, the piezo-electric 
iperty of the piezoelectric device produced using the sintered compact calcinated in this way with the burning 
nperature to which bulk density reached the saturation value mostly is shown in the following table 5 with the burning 
nperature. 
)29] 
table 5] 
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30] Although burning temperature differs a little from a table 5 when the case of temporary-quenching adding after 
:ing is compared with the case of the addition before temporary quenching, about a piezo-electric property, it turns 
that there is no big difference among both and the value which both can satisfy is shown. Thus, in any [ of 
porary-quenching adding after mixing and the addition before temporary quenching ] case, the effecti veness of that 
low-temperature-sintering-izing is acquired, and a piezo-electric property is also good [ the difference of extent ] so 
the result shown in drawing 3 and a table 5 may show. However, compared with the case of the addition before 
■porary quenching, the effectiveness of low-temperature-sintering-izing has a large direction in the case of 
porary-quenching adding after mixing, and since it is easier only for sintering temperature to be reduced without 
nging most of the piezo-electric property, using the existing piezoelectric-ceramics ingredient, for example, the 
zoelectric-ceramics ingredient under mass production, moreover, it can be said especially that it is desirable. 
31] 

her Example(s)] At the example mentioned above, it is PbZr03-PbTi03 as a principal component. It is Cr 203 to 3 
iponent system ingredient of 2 component ingredients of a system, or Pb(Sb0.5 Sn0.5) 03-PbZr03-PbTi03 system, 
hough the ingredient which carried out minute amount addition was used The piezoelectric-ceramics ingredient 
ich may be used as a principal component in this invention If it is not limited to these presentation systems and Pb, 
Ti and O are included what permuted some elements contained in other multicomponent system ingredient and its 
redient by other elements, for example, Sr, Mn, Nb, etc., » or - for example, you may be what added other minute 
aunt additives like the oxide of these elements. 
32] 

feet of the Invention] As mentioned above, only that burning temperature can be reduced, without changing most of 
t property according to the piezoelectric-ceramics constituent concerning this invention, using the existing 
zoelectric-ceramics ingredient by carrying out the amount content of specification of the Mo as an accessory 
istituent so that the examples 1 and 2 mentioned above may show. 

33] Therefore, by being able to use advantageously as an ingredient which constitutes the piezoelectric-ceramics 
er in a piezo-electric layered product with the need of co-burning with an electrode material, and using the 
zoelectric-ceramics constituent concerning this invention in this way, it becomes unnecessary to use ingredients, such 
Pt expensive as an electrode material, especially for the piezoelectric-ceramics constituent concerning this invention, 
I it can use cheap ingredients, such as AgPd, now. 

•34] Moreover, since according to the manufacture approach of the piezoelectric ceramics concerning this invention 
accessory constituent containing Mo is added after temporary quenching of a principal component so that the 
imple 2 mentioned above may show, compared with the case of the addition before temporary quenching, 
sctiveness of low-temperature- sintering-izing can be enlarged more. In addition, as mentioned above, even if the 
zoelectric ceramics which it is going to obtain using the piezoelectric-ceramics constituent concerning this invention 
obtained by the addition before temporary quenching besides in the case of passing through the process which adds 
accessory constituent after temporary quenching, they may be obtained by the manufacture approach of further 
iers. 



•anslation done.] 
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£ tick t>, iftSSS^gTS^^ttn(f%?.*t\ 
[0 00 5] so 



&t), $f£L<&l,\ f(£75\ P bO^S i Oz &£<0j& 

#tc, fct*tf, ^©E«&§siig/&£gig<l;Lfc(?, EE 

^3c*bTP^L*^n^e»*i/^c:i:t*0, com 
5£<Dfcib, ■££>lCl±mm.{t<Dfzlsb<DmM*>37sl'%iZ(D 

[0 0 0 6] fCT\ COfgBJlOgtfKi, SJ#<DffSK 
§§*m, fctAi£aj^<D#ifr&£^fflt,^tfe>t>, =t 

[0 0 0 7] 

ffl/SWHu ±^L.fcS«WISffl^fl?j*-r5fci6, Pb, 
Zr, T i t3JzTfO&Sttt£&&b, MoZStsBMtt 

0O3 Ic&^LTO. 0 6lt%«±5. 01I%«T 

[0008] iDjffSKii. £j*#ic*fr*BM#© 
i^inai±, M0O3 ic^sclto. iaa%ix±2. o 

^LTl,^, Pb, Zr, Tifeil^O^ 

^t^bt, Mo^MoOj tcgiSLTO. 0 611 

%^it»S=LTa»*i:-rS 0 f bT> C 
[0 0 0 9] 

[HiSSMl] S?\ ±sE»©fci6(oaj^M^i:bTs P 
b3 0<, Z r O2 , T i O2 „ S b2 O3 , S n 

02 , feitfC rOs ^fflScLfc ^V^T', ±fig^i:L, 

J: tf EWdSlJfflllB tfthf * 5 ic, ±12 

M^^iffs u ^ig-a-w^r^n^n 4-32 B#p^ss:ti 

JEHKffiffiWcWA : P bi.o (Z ro.52 T i 0.48 ) 

03 ; 

Ef«lc»B : P bi.o { (S no.s S bo.s ) 

0.05 Z ro.45 T io.so } O3 +0. ZMM%C xi O3 

t, so 0-9 0 ox:oiaffiT*2^> {g^-r^ctic 
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[0 0 10] ^T*, M^tLTOMoOs ±2? 
^ 1 leak? <fc ? $ fc, £E«K«ffi«tt B t.%; 3fig§§ 



0. 0~8. 0«M%£DS5HT')^inUfc» 
CO 0 1 1 ] 
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[0 0 12] 
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A- S 
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A- 8 


t R± 


5. 0 


A — 9 * 
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[*2] 








B — 1 * 


J£«tt«Bj&4feB 


0. 0 


B - 2 * 




0 . 0 3 


B - 3 




0 . 0 6 


B - 4 


m± 
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B — 5 


EJJh 


0. 5 


B - 6 


(SJJb 


1 . 0 


B - 7 


im± 


2 . 0 


B -8 


|ij± 


5. 0 


B - 9 * 




8. 0 



[0 0 13] 4*3. mi$$£U!&2, ft^tflc, ^iE*r 
§g3, 84, 01^L0 3fC^t, *W*f*bft 

3ao<fe«5^ $«»OKSB»*fcBrM»i:LT<OMoO 

-5li%Mt, 8-3 2B#B8^ fisca-fr&itffis 

[00 1 4] COMB^t. l-l. 5t/c 

m 3 ©JE*T?^UXjSKJBLT. Eg 1 2 mm, 1 . 
2 mm©H«aJBf**»fco COritJgft*. 9 0 0-1 

3 0 0 MMflWtlft. c©KM»o#Kftli:o^ 
tfH2fcg*SnTl^* 0 ADSMBfcWu 0 Hi, sue 

^*0«S«aStfr«ftKfcOH««:^UTv>*o 
[0 0 15] IS l *3<fctfB!2fc::fe^T\ #HS©i5)^S 

na 0 <fcDPaKc«> B143<fctfH2fre. M0O3 S 
jtaffitfO. 0 6ll%{lt5. 0li%ttTOKflA- 
3&l>LA-8. ft&WcB-3ftO>LB-8fcctn so 



tf, M0O3 tf&tss&a c^tafio. 011%) otsflA 

- 1 *5£tf B- l £J£3£LT, a^SftflWaSMBca-r 

^ato^jwaa** 1 ioot~2ooti 

SfiTLT^5C^^t)^5o cnti. M0O3 ©Hu5 
tf«8 0 0W*0, COBUa»?MoOi 

[0 0 16] **5. M0O3 Tbsgsta^tl^k. ^©SsAP 
StfO. 0 6ll%*9lOlfr&> KSA-2fecfct/B- 

V\> flfi^, M0O3 jSiPS^5. 0ftg%£rig;i££. 

nh«ccitr«MA8uett, iooici«fiTtstfx 

[0 0 17] jfc^T. Wfao«k5JcbTa^ro«j«iaK 

±fc. ff«Ag«**Jg«Lfc^ 8 0-1 2 0^O» 
»*<<)]/tpr\ 2. 0-4. OkV/mmOligm 
1 5-6O^01jtaLT> #WflH*ttL:fc. fOS, 
1 2 0-2 0 0TOaa*^ 3 X— *J 

[0 0 18] cn6E««?OtfcSSWer , R«Oj£ 



(4) 



#^¥1 0-2 3 1 .1.6 9 
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»3] 
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12 0 0 


15 0 2 
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5 
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A- 2 
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15 3 5 


4 5. 
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10 9 


A — 3 


1 1 O 0 


15 2 2 


4 6 . 
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A — 4 


10 0 0 


15 5 8 
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A- 5 | 


10 0 0 


15 12 
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10 8 


A- 6 


10 5 0 


14 9 7 


4 5 . 
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118 


A- 7 


10 5 0 


1 4 6 3 1 


4 4. 


3 


111 


! A — 8 


110 0 


14 0 7 


4 2. 
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9 3 


A- 9 
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110 0 


12 5 6 


3 2. 


1 


7 4 



[0 0 2 0] 



C3S4] 



*WN o . 




f r 


k P 

(%) 


Qmp 


B — 1 * 


12 5 0 


16 5 6 


5 4. 8 


8 Z 


B - 2 * 


12 0 0 


16 8 2 


5 5. 4 


7 9 


B- 3 


115 0 


16 7 0 


5 5. 0 


7 6 


B — 4 


110 0 


17 0 1 


5 5. 9 


7 3 


B — 5 


1 L 0 0 


15 6 3 


5 4. 6 


8 0 


B- 6 


110 0 


16 3 4 


5 3. 7 


8 7 


B - 7 


110 0 


16 0 5 


5 2. 3 


8 5 


B - 8 


115 0 


15 4 7 


4 B . 7 


7 1 


B-9 * 


115 0 


13 8 6 


3 8. 6 


6 3 



[00 2 1 ] a3*3«fctf«4fr5, M0O3 fiKSffiDOK 
SA- lfcAtfB- 1 £J£$$LT\ Mo 03 gfflQStf 
0. 0 6ll%tt±5. 0li%«TT^SaSA-3 

mSUAft 1 0 0-2 0 01C{ttTbT^afc:tH*>5 

[00 2 2]^ M0O3 jfitllfltfO. lli%tt± 
2. 0il%ttTT*5KfiA-4ft^bA-7> 
tftCB^&^LB- 7Ul£*U£, jKfiKiaS^l 5 0 — 

tt*«JC/hS^\ cin^LTs M0O3 SsttJStfO. 
0 6ll%tt±0. 1 «t%*»|tf«*t(fiA-333J: 
t>*B-3THi. M0O3 &®ta<Dt£»A- 1 43<feD'B- 

oox;mmt&m®'b'z<%iz>mfatp&%>o fts^> mo 

O3 gfetaS#2. 0ll%^5. 0ll%fi(TT'fe 
5SnA-8^B-8t*^ 1 0 0 XlSffiKfigiSS 
«rffiT*^Tl^^ WttSEfbfc-^TfcL M0O3 
SnStfO. lfi«%W±2. Oll%ttTT*SKSA 
-4^:^lA-7, fc&tflCB- 4^1B- 7 tJttt 

[0 0 2 3] 4*5. Mo Os *^ttl?n5t>> f^Sin 

g#o. 0 6aa%*j»oaESA-2**aB-2<oe 

M0O3 S6P«W5. 011%^^A- 



<. *3*5<tt5^4*^t)^Sct5tC, WttOgftkit 
30 [0 0 2 4] «±«ktK M0O3 gsftlS^LTte. 0. 

0 6 mm%vL± 5 . 0 ra%«Ttf d . w»c 
0. i«a%w±2. oai%feiT^cfct?»sb^o 

[0 0 2 5] 

40 [0026] (S*«aiSin^ai»*«KS*co(/^Tt±, SI 

»MlOSl<OKfiNo. A-4Kfi£o/c 0 (5^ 

w»aiaoai»**«Bt-rsfca&. Pb 3 04 , zr . 

O2 , T i O2. 4o<fcr>*Mo0 3 «\ *l<E4S«No. 
A - 4 <DHg;£ £ ITO©^® ETOB»»» k * « <£ -5 

sttTk. saab^, 9oo«coiast*2«FP4i<g«6b, 2 

;KU bT— ;l/7;l/3-;l/^/W>^5aS%il0x. 
so [0 0 2 7] CO^^iCLT#&nfc{g^m^*bcDTO 
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[0028] 03*G, (5^^0^(077*^ IBM 



CO 0 2 9] 
[165] 



10 



5**4 


testis* 


t r 


k P 


Q m p 








(%) 






10 0 0 


15 5 8 


4 7. 2 


1 0 2 




10 5 0 


15 2 3 


4 6. 3 


1 O 8 



[0 0 3 0] i5frf, s {SM^Ano^tiS^BiJi^jfra 
co. zmnmc-o^xit. mm ffl-eizz m 

vie. m 3 43 <k Xjm. 5 ^ L fcifSSfr £> fcfr 3 £ ? tc, 

(omcz&ix. i®&mmtco9)gki*nc>ti. tnn, em. 

[0 0 3 1 ] 

mco^mmi iMLtz^mmxit. n&fttLz. p 

bZrOs -PbTiOs ^©2i»m «SU±, 30 
Pb (Sbo.s Sno.s ) O3 -PbZrOs -PbT 
i 0z^(0 3l&^mmcC rz 03 ^SfigstaLfctf 

mttm^rct>\ cnfzwias^x3L!£ft£ Lxm^zti 

T'tt*<, Pb. Zr, T i fe<fctf0^t?&©T-£tl. 

Lfcfc©-^ SS^ii, fci:^.{f cne.©jc^©S?{t:%i 

<fct\> 40 

[0 0 3 2] 

mmmc & ni£, ±se l /c^ssm i *s * u 2 *>> e> s 

9, K#cDffWmg§«^fll</^tf£>, ?<Oft&ttl3;£ 



[0 0 3 3] LfctfoT, COIgB^tc^^EmKisfflfiS; 

mMitm^2> chink <o, wmtnt Lxmm^fctx 

g P d if ©^MTO^Il^ C £ #T'€ 3 <}: ? 

So 

[0 0 3 4] gfc, C^^tc«^jESffiEfgOiaii73?S 

[lafflos**^] 

im 1 ] fHifSfi&j 1 icwtzm 1 tc^sn^^A - 1 & 

^ b A - 9 ^rffl^Tff enfc^»©^aSi:ft^® 

« t (om^^Tmxs> 3o 

[12] SSSfiJ 1 iZlotf 5* 2 fC^S nfc^« B - 1 * 

^ t b - 9 *m^xmz,nrcm%i&cD]m&&£ t^m 
s. t om&*m? mx%> &o 
[03] ffe&SM uosifzm ncTTsHtitzumA- 4 <o 

I^tiL^ M0O3 ^3Efig»©{g^tc^i)nL^^ 
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